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Abstract

This study attempted to evaluate the groundwater quality, with a special emphasis on nutrients, of a riverine coastal island
near Kodungallur, Kerala. Water quality parameters were analyzed in the collected samples over pre- and post-monsoon
seasons. A considerable variation in groundwater chemistry was observed in the two periods. During pre-monsoon season,
many wells were contaminated with TDS, Cl, Fe, Ca and Mg in certain locations. Whereas, post-monsoon water was relatively
fresh, indicating the dilution process as well as aquifer recharge by the monsoon rain and consequent regression of saline
water. A higher concentration of Fe was observed in the pre-monsoon season (41%) than in the post-monsoon season (24%).
Nitrate and phosphates were analyzed to assess the nutrients and the observed concentration was below their correspond-
ing permissible limits. Results show that overexploitation of the aquifer as well as the decreased flow of the River Periyar
during the pre-monsoon period increased the threat from seawater intrusion and groundwater contamination. An interesting
groundwater recharge mechanism locally known as backwashing—the diversion of rainwater from rooftops to dug wells—is
being practiced in the study area and has been found to be effective in raising water levels and improving water quality.
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Introduction

Water is the one of the sectors of the environment most
affected by population growth. Extensive increase in sur-
face water contamination observed in the last few decades
indirectly exerted tremendous pressure on groundwater
resources (Singh et al. 2007). In India, groundwater is the
primary source of drinking and irrigation water (Suhag
2016). Naturally, the weathering of rocks, dissolution, depo-
sition and evaporation are the major geochemical processes
controlling the composition of groundwater. But in the pre-
sent world, anthropogenic activities are more prominent than
natural processes. Since groundwater quality assessment
is important in deciding its utility, numerous studies were
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carried out in this field. However, a holistic approach taking
into account both natural and anthropogenic influences on
groundwater has become a necessity.

Groundwater in the islands has high significance because
of its vulnerability to contamination. The first and foremost
factor is the saline water intrusion due to the overexploita-
tion of existing groundwater (Sajil Kumar 2016a, b). The
island VP Thuruth is believed to have been formed in the
great flood of 1341 AC and located at the border of Ernaku-
lam—Thrissur districts in Kerala (Kurian et al. 2011a, b). The
area of VP Thuruth is 116 acres. From just 28 households
in 1942, the riverine island has been experiencing migra-
tion, with 460 households today in the island, supporting a
population of around 2000 people. The density of population
is around 4400/km?, almost five times that of the state of
Kerala. Today, the VP Thuruth is facing major issues with
regards to the scarcity of good quality water for domestic
use. The Kodungallur area shows the typical ridge and run-
nel topography with the ridges having greater thickness of
coastal alluvium and the runnels having lesser thickness of
sand. The area is affected by tidal influx and any attempt to
draw more water, either by pumping or by deeper extraction,
results in a salinity influx during the dry season.
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It is reported that 70% of the people in the Thrissur dis-
trict depend on well water for their drinking water needs.
The groundwater level is decreasing year by year and 70%
of the wells dry up in summer. Tanker lorry water supply is
costly but a growing business every year (Baby 2015). VP
Thuruth is surrounded by the Periyar River, which is well
connected to the Arabian Sea. Apart from the saline intru-
sion, poor sanitation and agriculture practices have added to
the threats to the existing water quality. The most common
contaminants that reach water resources from agricultural
activities are nitrate, phosphate and potassium (Rajmohan
and Elango 2005). As the study area is bounded by the river
which is about to meet the Arabian sea, high saline river
water is mixing with the groundwater in the VP Thuruth.
Additionally, at the Estuarian environment, river carries high
concentration of nutrients; thus, it has become a necessity
for the community to evaluate the groundwater quality.

All over the world, the evaluation of groundwater qual-
ity is one of the most practiced methods to understand the
quality of drinking water in an area. There are several stud-
ies that can be found in literature for the same (Singh et al.
2005; Subramani et al. 2005; Kumar et al. 2007; Papaioan-
noua et al, 2007; Nagarajan et al. 2010; Seckin et al, 2010;

Amoako et al. 2011; Vasanthavigar et al. 2012; Bouderbala
2015; Li et al. 2016; Singh et al. 2017). However, the assess-
ment of the parameters included in each study is dependent
on the environmental conditions, the expected contami-
nation sources, determined by the preliminary survey, or
by referral to earlier studies and of course the availability
of analytical facilities within the economical scope of the
study. Earlier studies in the VP Thuruth region suggested the
possibility of saline intrusion and groundwater contamina-
tion (Kurian et al. 2011a, b). This area is surrounded by the
Periyar River and thus forming an estuarian environment,
which is often characterized by the accumulation of salts,
metals and nutrients. Howarth (2002) reported that more
than 60% of the coastal waters and estuaries in Unites States
of America are severely contaminated by nutrient pollution.
Similar observations were reported by Kumari et al. (2007)
from Adimalathura and, Jayachandran et al. (2012), from
Kodungallur Estuary.

Groundwater has always been hydrologically connected
with the surface water and thus, there is an exchange of ions
and nutrients from both sides. VP Thuruth is a sedimentary
region where the hydraulic conductivity is higher than that
of a hard rock region (Fig. 1). The nutrient chemistry of the
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Fig. 1 Location map of VP Thuruth with sampling points

@ Springer



Sustainable Water Resources Management (2020) 6:3

Page3of8 3

Palar and Cheyyar River basins was studied by Rajmohan
and Elango (2005). They found that agricultural activities,
including the application of fertilizers, soil mineralization
processes and irrigation return flow, are major processes
controlling nutrient chemistry.

The aim of this study is to evaluate the groundwater qual-
ity in general and specifically the nutrient chemistry of the
groundwater in VP Thuruth. This is a first kind of study on
this topic and with the results we would like to make bench
mark for the current water quality, which will be useful for
the future studies and add information to the existing lit-
erature. If the quality of water found to be good, we will be
advising the authorities to continue the current practices and
in case contamination exists, we would like to suggest the
possible mitigation measures for improving the groundwater
quality.

Study area

VP Thuruth (Valiya Panickan Thuruth) is a riverine island
located near Kodungallur in the Periyar River. The loca-
tion and the geological cross section of the study area are
presented in Fig. 1. Generally, the sand thickness near the
coast is only 1-3 m and is underlain by black organic clay.
Groundwater occurs under water table condition along the
river courses, intermountain valleys and along the coastal
plain. Dug wells are the common water development
medium (CGWB 2008). The rainfall occurs more during
southwest monsoon season (June—September) followed by
northeast monsoon season (October—December). Annual
rainfall numbers range between 2180.0 and 3484.0 mm with
a mean of 2924 mm. The temperature ranges from 22.1 to
36.2 °C. The humidity is higher during monsoon months
from June to October, and can reach around 93% during
morning hours and 76% during evening hours. Common soil
types of the study area are coastal alluvium and riverine
alluvium. Coastal alluvium is developed from recent marine
deposits with a texture dominated by partially sorted sand
fractions. The water holding capacity of these soils is low
and they are excessively drained with very rapid permeabil-
ity (Kurian et al. 2011a, b). Riverine alluvium consists of
moderately well drainage system and is distributed mainly
on the banks of rivers and their tributaries. These banks are
light to medium textured with more than 65% sand, 15%
clay, 20% of clay and contain organic matter, nitrogen and
potash moderately. They show wide variations in their phys-
icochemical properties, with a range in depth of 1-10 m.

Groundwater sampling and analysis

We have selected 17 open wells covering the whole island
for collecting groundwater samples. Samples were collected

in pre-monsoon and post-monsoon seasons to understand the
seasonal variation in the water quality. Groundwater samples
were analyzed for temperature, pH, total dissolved solids
(TDS), HCO,~, CO;~, CI-, SO,*7, SO,, NO,, F and PO, as
per the standard methods suggested by APHA (1995). It is
observed that the Ion Balance Error (IBE) values for all the
samples were below +5%. We have used both the World
Health Organization (WHO 1993) and the Bureau of Indian
Standards (BIS 1991) to understand the drinking water qual-
ity of the study area.

Results and discussions
Groundwater quality and its seasonal variation

Groundwater samples were analyzed for the pre-monsoon
(April 2010) and post-monsoon (November 2010) sea-
sons. In general, groundwater shows a wide variation in its
chemical characteristics over the seasons. During April 2010
(summer), many samples exceeded the permissible limit of
most water quality parameters. However, in November 2010
(winter), most of them were far below the maximum permis-
sible limit suggested by World Health Organization (WHO)
(1993) and BIS (1991). The improvement in groundwater
quality can be attributed to the recharge from rainfall and
artificial recharge practices. This resulted in two major pro-
cesses in the groundwater environment, namely the dilution
of high saline water and the pushing of the seawater—fresh-
water interface towards the coast. The other reason may be
that the abundant flow in the Periyar River met the needs of
the population and reduced the pressure on groundwater.
Though the majority of water samples are alkaline, a few
samples showed a slightly acidic nature. This acidic nature
was more prominent in the post-monsoon season (avg. 6.8),
while pre-monsoon samples are dominated by alkaline water
(avg. 7.73). The seasonal variation of pH is given in Fig. 2.
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Fig.2 Seasonal variation of pH
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However, in both seasons, water samples were within the
permissible limit of 6.5-8.5 (World Health Organization
(WHO) 1993). Electrical conductivity was used in the cal-
culation of TDS, using the Equation TDS=EC x 0.64. In
the present study, wells located near the coast showed a high
concentration of EC. In the pre-monsoon season, 30% of the
samples exceeded the permissible limit of EC (1500 uS/cm)
or TDS(1000 mg/1). The highest TDS value in this season is
shown by the well No. 6. But in the post-monsoon season,
all the samples were below the permissible limit. This may
be due to the dilution of saline water with fresh water. The
effectiveness of the recharge is supported by rooftop har-
vesting methods and consequent recharge of groundwater
through dug wells. Heavy flow after rain in the Periyar is
maintaining the pressure head around the island may prevent
the runoff. The seasonal variation of TDS is given in Fig. 3.

Alkalinity is the measurement of all bases in water and
represents the buffering capacity of water to neutralize an
acid, mainly carbonate and bicarbonate concentrations in
groundwater. However, hydroxides, silicate, borate, phos-
phate, acetate and propionate are the non-carbonate suppliers
to the alkalinity of groundwater (Hem 1985). The alkalinity
of the pre-monsoon season ranged between 58 and 178 mg/1
with an average of 137 mg/l; while in the post-monsoon sea-
son, it varied from 9 to 204 mg/1 with an average of 85 mg/I.
Alkalinity of water is mainly controlled by the dissolution
of carbonate minerals under lower pH conditions. An acidic
pH in the post-monsoon season supports this argument. In
the pre-monsoon season, the low flow rate and relatively
high pH may lead to the precipitation of CaCO;. Acidity of
the samples was relatively less, an average of 2.82 mg/l in
the pre-monsoon season and 4.1 mg/l in the post-monsoon
season. Variation in alkalinity and acidity over both seasons
is given in Figs. 4 and 5, respectively.

Total hardness is an important parameter to determine
the quality of water for drinking purposes. It is a measure of
divalent cations in the water and the most common elements
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Fig.3 Seasonal variation of TDS
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Fig.4 Seasonal variation of alkalinity

are Ca>* and Mg”*. In VP Thuruth, the majority of samples
in the pre-monsoon season showed a hard type of water. Of
the samples, 41% were above 300 mg/1 and classified as very
hard type, 18% were between 150 and 300 mg/1 and classi-
fied as hard water, 23% were moderately hard and 19% were
soft. The highest hardness was shown by the sample 6. Addi-
tionally, well no. 17 also has hardness over 2000 mg/L. In
general, 59% of the water samples were either hard or very
hard. Contrary to this, during post-monsoon season, except
for 6% of the hard water samples, all the samples were under
a good category. Variation in TH over the seasons is shown
in Fig. 6.

Calcium and magnesium are responsible for the perma-
nent hardness in groundwater. Mostly, these ions have geo-
genic origin through the dissolution of calcite, dolomite or
the weathering of silicate minerals. The concentration of
calcium during the pre-monsoon season varied between 5
and 592 mg/l with an average of 104 mg/l (Fig. 7). Results
show that 30% of the samples exceeded the permissible
limit of 75 mg/l (World Health Organization (WHO) 1993).
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Fig.5 Seasonal variation of acidity
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Fig. 7 Seasonal variation of Ca

While, in the post-monsoon season, the range was 7—40 mg/1
and all the samples were within the permissible limit. Dur-
ing pre-monsoon season, 35% of the magnesium samples
were above the permissible limit of 50 mg/l (World Health
Organization (WHO) 1993). The average concentration was
55 mg/l. The maximum concentration in the post-monsoon
season was 23 mg/l, and it means that all samples were under
the permissible limit (Fig. 8). The general trend in concen-
tration of Ca and Mg is similar to the Total Hardness, as
discussed in the earlier section.

Concentration of chloride in the pre-monsoon period
was in the range of 32-6460 mg/l and in the post-monsoon
period between 16 and 222 mg/l. A high variation in con-
centration is visible over these seasons (Fig. 9). Of the pre-
monsoon samples, 41% were above the permissible limit
of 200 mg/1, while only 6% from the post-monsoon sea-
son samples exceeded the limit. Very high concentration
(> 6000 mg/l) was observed in samples 6 and 17. Samples
11 and 14 have also concentration higher than 2000 mg/L. In
coastal aquifers, a major source of Cl is seawater intrusion.
Domestic sewages have at least 50 mg/1 of C1 more than that
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Fig.9 Seasonal variation of Cl

of normal water and are also contributing a considerable
amount of CI to the groundwater. Groundwater withdrawal
from the wells is comparably higher in the pre-monsoon
season than in the post-monsoon season. When the rate of
withdrawal is higher than that of the recharge, the ground-
water level will go down and the aquifers with this condition
are known as over-exploited. This will result in the intrusion
of seawater into the freshwater aquifers. The high concentra-
tion of CI during the pre-monsoon period may be due to this
phenomenon.

Sulfate in the study varied from 2.8 to 288 mg/l, during
pre-monsoon season and 2.7-38.4 mg/l during post-mon-
soon season (Fig. 10). 18% of the samples (sample numbers
6, 11 and 17) from the pre-monsoon period exceeded the
permissible limit of 200 mg/l (World Health Organization
(WHO) 1993). All the samples in the post-monsoon season
were below the permissible limit. The origin of most sulfate
compounds is the oxidation of sulfide ores, the presence of
shale, or industrial wastes. Dissolution of gypsum is also an
important source in the present study area.
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Fig. 11 Seasonal variation of F

Fluoride is a minor ion which is good for dental and
skeletal health under optimum consumption. However, a
high concentration of F in drinking water can cause dental
and skeletal fluorosis. According to WHO standards, the
permissible limit is 1.5 mg/l; in the present study, pre-
monsoon samples showed higher concentration than the
post-monsoon season (Fig. 11). However, all the samples
in both seasons are within this permissible limit 1.5 mg/1.
Concentration of Na, alkaline pH, and bicarbonate will
enhance the concentration of F in groundwater; whereas,
Careduces F concentration by the precipitation of CaF,.

The concentration of iron was high in many samples.
The permissible limit of Fe in drinking water is 1 mg/l.
The percentage of samples which exceeded the permissible
limit during the pre-monsoon and post-monsoon period
was 41% and 24%, respectively (Fig. 12). Oxidation is the
major process that controls the fate of iron in a groundwa-
ter environment. Aeration of iron-containing layers in the
soil can affect the quality of both groundwater and surface
water if the groundwater table is lowered. A lowering of
the water table takes place during the summer seasons;
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this may be a reason for the high concentration of iron
in the pre-monsoon period. Concentration of manganese
was well within the permissible limit of 0.5 mg/l in both
seasons (Fig. 13).

Nutrient chemistry

The present study considered nitrate and phosphate to
evaluate the nutrient chemistry. Nitrate is an important
nutrient for plant growth and forms an essential part of the
nitrogen cycle (WHO 2011). Both natural and anthropo-
genic sources of nitrate are present in groundwater, but the
latter is predominant (Kumar et al. 2009a, b; Sajil Kumar
et al. 2014; Rajmohan and Elango 2005). Groundwater
contamination with nitrate is mainly caused by agricul-
tural activities (fertilizers and manures), the leaching of
natural vegetation and also improper sewage disposal con-
taining human as well as animal excreta. The guideline
value of nitrate in drinking water is 50 mg/l (WHO 2011).
High consumption of nitrate causes methemoglobinemia,
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a disease which prevents hemoglobin from releasing oxy-
gen effectively to the body tissues. There are no known
natural sources of nitrate reported or found from the study
area. In VP Thuruth, a relatively lower concentration was
found during the pre-monsoon period (1.44-8.74 mg/l).
For the post-monsoon season, this number reached
0.49-20.33 mg/l (Fig. 14). Results showed that ground-
water has a nitrate concentration below the maximum per-
missible limit in both seasons. During monsoon period, an
increased recharge of groundwater in agricultural areas is
observed, which can enhance the leaching of nitrate. The
resulting increase in the water level causes the dissolu-
tion of nitrate in the capillary and Vadose zones and will
also affect the nitrate concentration (Rajmohan and Elango
2005). However, the global natural background values of
nitrate are estimated at 3 mg/l (Jacks and Sharma 1983).
Any concentration level higher than this value in the study
area is an indication of human activities such as fertilizer
usage, soil nitrogen releases due to cultivation and domes-
tic sewages. Similar observations were made by Babiker
et al. (2004) and Nas and Berktay (2006).

Phosphates are an important nutrient to plants and ani-
mals. It is an essential constituent of fertilizers and may
reach the groundwater by rainwater infiltration. The concen-
tration of phosphate in groundwater is relatively less because
of the retaining capacity of soil as well as the low solubility
of this ion in water. Apart from fertilizers, it can enter into
water resources in many ways such as phosphate-rich rocks,
wastes from laundries, industrial processes and human and
animal wastes. According to The Canadian Department of
National Health and Welfare (1969), the permissible limit
of phosphate in drinking water is 0.2 mg/l. There are not
many reports on the health hazards of phosphates. However,
a higher concentration may interfere with digestion. In the
study area, the concentration of phosphates ranged between
0.1 and 0.06 mg/1, suggesting that the groundwater is well
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Sample number

Fig. 15 Seasonal variation of PO,

within the permissible limit of phosphates. The seasonal
variation of phosphate is given in Fig. 15.

Conclusions

Seasonal variation in the groundwater quality over the pre- and
post-monsoon seasons is found to be significant in this study,
especially in the samples 6,11,14 and 17 Total dissolves sol-
ids (TDS) showed considerably water quality changes, high
salinity in the pre-monsoon (Avg.=2142 mg/l) compared to
212 mg/l, in the post-monsoon season. Salinity ingression is
identified as the reason for high salinity, resulted from over-
exploitation of groundwater to meet the increases demand for
the domestic and irrigational purposes. Continuous usage of
high saline water may cause high blood pressure, heart and
kidney disease and dehydration in human beings. Total hard-
ness, calcium, magnesium, chloride, sulfate, fluoride, nitrate,
phosphate, iron and manganese have also showed similar
changes over the seasons. Concentration of Fe exceeded the
permissible limit in few wells. Excess intake of iron may cause
gene mutation, liver, heart and pancreatic damage, as well as
diabetes. The concentration of nitrate, manganese and phos-
phate were well within the limit in all the wells, suggesting
that the agricultural activities did not affect the groundwater
quality. Geologically, there is no fluoride in the study area,
which is evident from the negligible concentration of F in the
groundwater. Controlled use of groundwater and the promo-
tion of artificial recharge and rainwater harvesting are coming
up as the only logical solution for the water stress and quality
issues in this area. There are initiatives from the state govern-
ment to recharge the existing dug wells with a cost-effective
recharge method called “backwashing”, which is found to be
very successful. This method can be extended to regions with
similar hydrological-hydrogeological conditions elsewhere in
the world.
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